The function and metabolism of vitamin K.
Since the discovery of gamma-carboxyglutamic acid a decade ago, great progress has been made in advancing our knowledge of the function and metabolism of vitamin K. The distribution of this new amino acid in proteins of diverse origin and the presence of the vitamin K-dependent carboxylase in diverse tissues have emphasized the widespread significance in biology of a new triad: vitamin K, Gla, and calcium. New knowledge has been obtained on the importance of the utilization and reutilization of vitamin K, whose body pools are extremely low for a fat-soluble vitamin, for the posttranslational carboxylation of peptide-bound glutamate residues in the vitamin K-dependent proteins. The regulation of the activation of the vitamin K-vitamin K-epoxide cycle by drugs and nutrients appears to be the key to controlling the synthesis of vitamin K-dependent proteins, eight of which are involved in blood coagulation. The purification of the vitamin K-dependent gamma-glutamyl carboxylase has turned out to be a more formidable task than anyone had imagined. Many of the questions about its complicated mechanism, utilizing as it does four substrates (KH2, O2, CO2, and a Glu-containing peptide), cannot be answered until the enzyme is homogeneous. Basically, the vitamin K-dependent carboxylase system consists of a specialized microsomal electron transport system coupled to a carbon dioxide fixation. The reaction does not require ATP but apparently utilizes the energy of vitamin KH2 oxidation to perform the chemical work required in Gla synthesis. Why a quinone is employed in this system when other mechanisms exist for CO2 fixation is still mysterious unless the whole process goes by one electron transport. Whether the final CO2 addition to the gamma-methylene group of glutamic acid is a radical reaction is unsettled. Since this enzyme is an intrinsic membrane-bound protein, the scientific attack on its structure and function is at one of the present frontiers of molecular biology. A view of the synthesis of vitamin K-dependent proteins in the RER is shown in Figure 9. Finally, the nutritional requirements for vitamin K in humans are unknown. An unknown fraction of vitamin K in humans is derived from menaquinone biosynthesis in the intestinal flora. Contributions from diet and biosynthesis have not yet been quantitated. Sensitive HPLC methods for measuring plasma phylloquinone are now available, and related methods for measuring long-chain menaquinones can be developed.